The necessity to develop economical and eco-friendly technologies is steadily increasing. Plant growth promoting rhizomicrobial strains PGPR are a group of microorganisms that actively colonize plant roots and increase plant growth and yield. Pot experiments were used to investigate the potential of some rhizobacterial strains to enhance the Brassica rapa growth. Microbial strains were successfully isolated from the rhizosphere of Panax ginseng and characterized based on its morphological and plant growth promotion characters. Surface disinfected seeds of Wisconsin Fast B. rapa were inoculated with the selected PGPR microorganisms. The different pots treatments were inoculated by its corresponding PGPR (10 7 cfu mL -1 ) and incubated in the growth chamber at 25°C and 65% RH, the light period was adjusted to 24 hours (day). NPK chemical fertilizer and trade product (EMRO, USA) of effective microorganisms as well as un-inoculated control were used for comparison. Plants harvested in 40 days were found to have significant increase in leaf chlorophyll units and plant height and also in dry weight of root and shoot in the inoculated seedlings. Root and shoot length and also leaf surface area significantly were increased by bacterial inoculation in sterile soil. The study suggests that Rhodobacter capsulatus and Azotobacter chroococcum are beneficial for B. rapa growth as they enhance growth and induced IAA production and phosphorus solubilization. This study presents some rhizomicrobial strains that significantly promoted growth of Wisconsin Fast Plant B. rapa in pot experiment under different soil conditions.
Introduction
The environmental-unfriendly nature and the high production cost of the chemical fertilizers, have led to microbial biofertilizers and the plant growth promoting rhizobacteria in order to improve the crop yield and also maintain the environment. The microbial inoculants which are prepared for enhancing plant health and growth are generally referred to effective microorganisms or biofertilizers that are mostly isolated from rhizosphere. The rhizosphere is the part of soil surrounding the root where complex interactions (are active) between the root and the present microorganisms (Sylvia et al., 1998) . Plant growth promoting rhizobacteria (PGPR) bacteria are those which colonize plant roots and enable to increase plant growth and yield (Wu et al., 2005) . Active motility using flagella and chemotactic responses facilitate PGPR to reach root surfaces (Steenhoudt and Vanderleyden 2000) . Root exudates such as organic acids, amino acids, and certain sugars may be helpful in chemotaxis as attractants (Welbaum et al., 2004) . High concentration of easily degradable substrates in root exudates lead to a proliferation of microorganisms in rhizosphere and thus plant select and maintain its specific microflora that may have neutral, deleterious or beneficial effects on the plant (Bais et al., 2006) . It is not fully understood how PGPRs promote plant growth, however, there are supposed mechanisms, such as-production of phytohormons (Egamberdiyeva, 2007) , asymbiotic N2 fixation (Mrkovack and Milic 2001) , biosynthesis of siderophores (Salantur et al., 2006) , solubilisation of inorganic phosphates (Cattelan et al., 1999) , secretion of antibiotics, enzymes and/or fungicidal compounds (Ahmad et al., 2006) . Due to their ability to fix the atmospheric nitrogen and nodulation in the root, rhizobia were the first classified species as biofertilizers and have been packaged as commercial inoculants (Kannaiyan, 2002) . Azotobacter and Azospirillum strains application increased canola yield (21.17%), pod per plant (16.05%) and number of branches (11.78%) (Yasari and Patwardhan, 2007) . stated that seed inoculation with rhizobacteria enhanced shoot dry weight and yield of maize. Promotion in plant growth and yields of different crops in response to inoculation with rhizomicroorganisms was demonstrated by other researchers (Gravel et al., 2007; Kozdroja et al., 2004; . The aim of the study was to investigate the potential of some rhizobacterial strains like Pseudomonas putida, and Azotobacter chroococcum that possess plant growth promotion characteristics to enhance the Brassica rapa growth in pots experiment.
Materials and Methods

Microorganisms and growth conditions Bacterial strains
were cultivated on different Agar media. Various species were isolated using dilution plate method on Nutrient Agar medium according to their different colonies shapes. Pseudomonas Agar selective media was used to obtain the Pseudomonas species. The media was prepared by adding pancreatic digest of casein 10 g; proteose peptone 10 g; K2HPO4 1.5 g; MgSO4.7H2O 1.5 g; and agar 15 g to 1,000 mL of distilled water. Stock cultures of bacteria were maintained on nutrient agar grown at 31°C. Azotobacter sp was selected on Azotobacter Agar Modified Ι media.
Identification and characterization of the rhizosphere bacterial isolates Bacterial colonies with different characters were tested biochemically and identified using the Bergy's manual of systematic Bacteriology. Moreover, universal primer 16F27N (5-CCAGAGTTTGATCMTGGCT CAG-3) according to Brosius et al. (1978) was used for the amplification of 16S r-RNA of the bacterial strains. A representative sequence was queried against NCBI GenBank BLAST search. Salkowski indicator was used to measure the isolates' ability to produce IAA auxin (Benizri et al., 1998) , and phosphate solubilization (Pikovskaya, 1948) , and siderophore production was analyzed on chrome azurol S agar plates (Schywn and Nielands, 1987) . : yeast extract, 0.5; dextrose, 10; calcium phosphate, 5; ammonium sulphate, 0.5; potassium chloride, 0.2; magnisium sulphate, 0.1; manganese sulphate, 0.0001; ferrous sulphate, 0.0001, agar; 15) has been used for the isolation of phosphate solubilizing microorganisms (Pikovskaya 1948) . Rhizosphere microorganisms on precipitated calcium phosphate agar produces clear zones around their colonies if they are capable of solubilizing calcium phosphate. Phosphate solubilization was estimated quantitatively by inoculating loop full of spore's suspensions of the isolates in 10 mL Pikovskaya's broth at initial pH adjusted to 7. Bacteria were incubated at 30°C for 3 days and fungi at 27°C for 7 days. The soluble inorganic P concentration was analyzed by IC (Ion Chromatography).
Phosphate solubilizing activity
Pots experiment
The study was conducted in growth chamber (DS 54 GLP, DASOL Scientific Co., Ltd., Korea). Clean pots (7.5 x 7.5 x 9 cm) containing approximately 500 g soil were filled with the prepared collected soil. Agriculture soil was collected from Korean ginseng field near Kangwon National University, Chuncheon, Kangwon-do, Korea, air-dried, ground, sieved (2 mm mesh) and analyzed for physico-chemical characteristics. The experimental soil were analyzed for pH (McLean, 1982) , texture (Gee and Bauder, 1986) , total mineral N, NH4-N and NO3-N (Bremner (Thomas, 1982) (Table 1) . Five hundred grams of soil was put in each pot for different treatments and three replicates were done for each treatment. Fifty mL of distilled water was added to each jar before autoclaving three times at 121°C for 30 min. The soil was fertilized with 120: 60: 50 kg/ha of nitrogen, phosphorus and potassium (NPK). Seeds of Wisconsin Fast Plants were surface-sterilized with sodium hypochlorite NaOCl (0.02%) for 1 min, and rinsed thoroughly 3 times in sterile distilled water. Six bacterial strains were Azotobzcter chroococcum, Pseudomonas putida, P. aeruginosa, P. fluorescens, Rhodobacter capsulatus, and Lactobacillus sp. The bacterial strains were selected for this study on the basis of their high performance in previous physiological experiments, such as IAA production and phosphorus solubilization. Pure cultures were grown in NB at 30°C and diluted in sterile distilled water containing 0.025% Tween 80. Seeds were dipped into individual culture broth (cell density about 10 7 cells / mL -1
) and agitated for one hour with spore's suspension. Wisconsin Fast seeds were sown three to a pot at surface. Pots were placed in a germination chamber. This provided a 24 h photoperiod, temperatures of 25°C, and relative humidity of 65%. Pots were watered by distilled water to 60% water holding capacity twice daily. Inoculation was achieved by applying 1 mL of bacterial suspension at 10 7 CFU mL -1 on each seed (Yolcu et al., 2011 (Fig. 1) . Molasses treatment without inoculation showed the lowest result of chlorophyll density in the leaf of 27.1 SPAD units. For leaf length, the longest leaves were shown by NPK fertilizer 4.2 cm followed by A. chroococcum and R. capsulatus showed 4 cm, while the commercial effective microorganisms (EM) showed leaf length of 3.9 cm (Fig. 1) . The lowest leaf length was demonstrated by bacteria mixture (Pseudomonas aeruginosa and P. fluorescens) of 3 cm while molasses control demonstrated leaf length of only 1.9 cm. For leaf width, it was quite similar to leaf length, the NPK chemical fertilizer showed the widest leaf diameter of 2.1 cm as well as A. chroococcum. R. capsulatus came in the next inferior of 2 cm leaf width. The trade effective microorganisms (EM) solution demonstrated 1.8 cm leaf width followed by bacteria mixture of 1 cm. The molasses showed only 0.8 cm. For the shoot length, NPK chemical fertilizer was superior by 16.9 cm length. R.
Rhizobacteria
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capsulatus showed 15.1 cm followed by A. chroococcum 14.6 cm shoot length then P. putida and the trade EM (Table 3) .
The lowest shoot length was demonstrated by bacteria inoculation which showed 9.3 cm, while un-inoculated control gave only 10.5 cm. For the root length, the longest plant root was demonstrated by the NPK chemical fertilizer 6.7 cm, followed by A. chroococcum and P. putida showed 6.5 cm. However, R. capsulatus demonstrated 6.3 cm root length. The lowest root length was shown by the commercial EM product of 4.3 cm, while the un-inoculated control demonstrated 6.1 cm of root length. For the shoot dry weight, the highest dry weight by was shown by the NPK fertilizer which demonstrated 21.5 mg. These dry weights of shoot were followed by A. chroococcum and R. capsulatus demonstrating 20.5 mg (Fig. 1) . The commercial EM solution yielded 19 mg of shoot dry weight. P. putida and the bacteria mixture showed 15.5 mg of the shoot dry weight. The lowest shoot dry weight was 11 mg and shown by the control of the un-inoculated molasses. For the root dry weight, almost it was similar to shoot. The highest results were demonstrated by A. chroococcum and NPK showing 0.93 mg. Then R. capsulatus came in the next by 0.91 mg. The commercial biofertilizer (EM) showed 0.79 mg followed by P. putida giving 0.75 mg, while the molasses control showed only 0.72 mg root dry weight (Table 3 ). The microbial counting of soils showed that the highest bacterial count was found in the soil inoculated with bacterial mixture 4.11 x 10 7 CFU g soil -1
. Soils treated with P. putida and the commercial EM solution showed 3.87 x 10 7 CFU g soil -1 and 3.15 x 10 7 CFU g soil . The NPK fertilizer demonstrated the lowest bacterial count 7.55 x 10 6 CFU g soil -1
. However, the soil treated by the un-inoculated molasses (control) showed 1.79 x 10 7 CFU g soil -1
. (Table 4) . 
Discussion
This pot experiments were conducted to evaluate the effectiveness of inoculation with rhizomicrobes containing phosphate solubilizing and IAA activity for improving growth of Wisconsin Fast Plants Brassica rapa. Plant growth promoting rhizobacteria (PGPR) are able to colonize very efficiently the roots or the rhizosphere soil of crop plants. They fulfill vital functions for plant growth and health by mechanisms. They mediate the nutrient uptake and increase the hormonal biosynthesis (Nihorimbere, 2011) . According to our results, the highest shoot length was shown by NPK chemical fertilizer of 16.9 cm length, Rhodobacter capsulatus, and Azotobacter chroococcum showed high productivity of indole acetic acid IAA (Fig. 1) . Consequently, in the pots experiment R. capsulatus showed high level of chlorophyll density of 49.6 SPAD units. Also, R. capsulatus showed 15.1 cm followed by A. chroococcum 14.6 cm shoot length then P. putida and the trade EM. IAA and other plant hormones were hypothesized to be responsible for enhanced growth of canola, tomato, and wheat in non-sterile soil inoculated with Azotobacter paspali (Abbass and Okon 1993) , respectively. The lowest dry weight was shown by the control of the SD water. However, the highest results of root and shoot dry weights were demonstrated by A. chroococcum and NPK. Phosphate solubilizing bacteria and Azospirillum are the most effective components of bio-fertilizers significantly contributing N, P and K to plants and also providing resistance to drought conditions (Smith and Read 1997) . Phosphorus in soil is often insoluble thereby unavailable to plants (Singh and Kapoor, 1994) . The rhizobacteria can solubilize phosphates in vitro and most of them act as PGPR (Joo et al., 2004) . Although, many researches has been done on utilization of phosphorus solubilising microorganisms in order to contribute soluble phosphate to plants, its large real application has not been found. Gaur et al. (1980) demonstrated the beneficial effect of phosphate solubilizers on grain yield of rice. Many researches are concerning in developing bio-inoculant for degradation of organic wastes and preparation of decomposing cultures (Poonguzhali et al., 2008) . All bacterial isolates showed high production of siderophores except Lactobacillus sp. The highest bacterial siderophores production was shown by P. aeruginosa, P. fluorescens. Our strain of Azotobacter chroococcum showed remarkable high activity for IAA production, phosphate solubilization, and siderophores synthesis, as well as, remarkable enhancing to the B. rapa growth. Strains of Pseudomonas putida and Pseudomonas fluorescens could increase root and shoot elongation in canola (Glick et al., 1997) as well as wheat and potato (de Freitas and Germida, 1992) , (Frommel et al., 1993) . The understanding of rhizosphere ecology, including the function and diversity of micro fauna that dwell there, is necessary before soil microbial application in the rhizosphere. Das, et al. (2008) showed that the amount of available nitrogen (N), phosphorus (P) and potassium (K) contents in soil have been increased significantly up to third month in the inoculated soil. Azotobacter and Azospirillum strains application increased canola yield (21.17%), pod per plant (16.05%) and number of branches (11.78%) (Yasari and Patwardhan, 2007) .
